Evaporation of saline water from porous media and associated salt deposition are important 23 for many applications ranging from soil salinization to the protection of archaeological and 24 civil structures. We investigate the effects of textural heterogeneity of porous media on 25 evaporative salt precipitation patterns. Textural heterogeneity has been introduced into sand 26 columns to form capillary-interacting porous domains comprised of different particle sizes.
Introduction

43
Saline water evaporation from porous media and salt precipitation affects water management, 44 soil and groundwater salinization, and various other environmental processes [Jardine et al., 45 2007; Prasad et al., 2010; Xiao et al., 2011; Russo, 2013] . Enhancing our understanding of 46 saline water evaporation processes is essential to predict locations and patterns of salt 47 precipitation and the associated drying behaviour. Salt precipitation rates and deposition 48 patterns are controlled by complex interactions between the transport properties of the porous 49 medium, atmospheric conditions, and characteristics of the evaporating saline solution [Smits 50 et al., 2012; Norouzi Rad et al., 2015; Jambhekar et al., 2015; Borgman et al., 2017; 51 Vanderborght et al., 2017] . 52 Evaporation from porous media has been the subject of active research in the past due to its 53 central role in the hydrologic cycle and surface energy balance. More recently these efforts 54 have been directed at investigating the effect of the changing climate patterns on the land-55 climate feedback processes [Fetzer et al., 2016; Tuttle and Salvucci 2016; Decker et al., 56 2017]. The evolution of evaporation, transpiration and precipitation rates in the changing 57 climate will undoubtedly affect and be affected by the distribution and accumulation of salts 58 in soils. Accurate formulation and prediction of evapotranspiration processes therefore relies 59 on improved physical understanding of the mechanisms which govern salt effects on 60 evaporation dynamics. 61 Basic mechanisms of pure water evaporation from initially saturated porous media are well 62 understood and these are often described in terms of three different drying regimes. In the 63 initial stage, the evaporation rate is relatively constant and liquid is supplied through capillary 64 flow paths to the vaporization plane at the surface [Thiery et al., 2017] (the so-called stage-1 abrupt changes in the capillarity and flow properties, and modify transport processes as 92 reported in several studies [Pillai et al., 2009; Lehmann and Or, 2009; Nachshon et al., 2011; 93 Veran- Tissoires et al., 2012; Bechtold et al., 2011 , Bergstad et al., 2017 . In order to 94 understand and describe salt transport and distribution in soils, it is essential to investigate 95 how the presence of such heterogeneity influences the evaporative fluxes and salt 96 precipitation dynamics. During evaporation from porous media containing abrupt textural 97 contrasts (represented here as vertical inclusions of fine and coarse sand), the main 98 vaporization plane remains anchored primarily at the surface of fine-textured porous media 99 and is supplied by lateral capillary flow from the coarse domain [Lehmann and Or, 2009] .
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This lateral flow is driven by a capillary pressure gradient determined by differences in pore 101 size distributions that drives liquid from the large pores in the coarse domain supplying 102 evaporation from the surface of the fine domain (capillary pumping) [Lehmann and Or, 103 2009]. Consequently, the fine sand remains saturated long after the drying front (the interface 104 between saturated and unsaturated porous media) propagates through the coarse region. A 105 recent study by Bergstad et al. [2017] illustrated the unique role of textural heterogeneity in 106 promoting preferential salt deposition during evaporation from porous media. Bergstad et al.
107
[2017] have shown that despite the dominance of evaporation flux from the fine sand region, 108 salt begins to precipitate preferentially over the coarse regions of the surface for low 109 concentration salt solutions. This counterintuitive result is associated with preferential drying 110 (air invasion) of coarse surface due to lower air entry pressure (as a result of larger pores in 111 the coarse domain) that reduce the number of remaining evaporating pores. This in turn, 112 causes locally higher per pore evaporation rates from these spatially distributed pores (see 
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All sand columns were saturated with 3 Molal solution of NaCl (note that the solubility limit 134 of NaCl in water at 30℃ is 6.14 M). Additional experiments were conducted using pure 135 (deionized) water in sand columns containing similar textural contrasts for reference (sand 136 grains were packed into a cylindrical column with 160 mm in height and 80 mm in diameter 137 in this case). The water mass loss rates from the columns were recorded automatically every codes were developed in MATLAB following the procedure described in Shokri et al. [2008] 141 to segment the recorded images into binary images where each pixel was assigned a value 142 corresponding to either un-covered sand surface (black) or salt-covered sand surface (white) 143 based on the grey level intensity. This enabled us to analyse the evolution of fractional 144 surface coverage by salt precipitation at the surface of coarse and fine domain respectively.
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In addition to the sand column experiments above, we studied details of the liquid phase Bergstad et al [2017] . Additionally, Avizo Fire 9.2 (FEI, 2017) was used to visualize the 166 segmented X-ray scans in 3D.
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The capillary pressure-saturation relationship (also denoted as the soil water characteristic 168 curve) of each sand domain with a well-defined particle size range was measured using a 169 HYPROP device (Decagon Devices, USA). The parametric van Genuchten (VG) model [van 170 Genuchten , 1980] was used to describe the experimental results with the VG parameters 171 presented in Table 1 . The obtained water retention curves are presented in Figure 1 . The 172 results presented are in good agreement with values reported in literature for sands of similar 173 particle size distributions and porosity [Lehmann et al., 2008; Yanful et al., 2003] .
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The air entry value, h b, was calculated using the equation given in Shokri and Salvucci Table 1 . Air entry pressure h b , saturated and residual water content (θ s and θ r , respectively) 186 and shape parameters n and α, fitted to the van Genuchten model [1980] to describe the water 187 retention curves of sand domains used in this study.
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Particle size range (μm) The pore-scale observations presented in Figure 3 could be considered as a first step toward 241 further pore-scale quantifications specifically targeting the link between the complex 242 evolving geometry of precipitated salt and the dynamics of evaporation. In order to describe 243 the drying process in the presence of salt (Figure 2b) , it is necessary to take into account such in the column with the higher textural contrast (due to higher capillary pressure).
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The preferential displacement of the drying front in the coarse domain, influenced by the 342 degree of textural contrast, also affects the preferential deposition of salt at the surface. The contrast as a result of the faster moving front (greater capillary gradient), and the pressure at 349 the surface is higher (more negative) ( Figure 5 ). According to the water retention curve, 350 higher surface pressure corresponds to the lower water content at the surface (Figure 5d ).
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Less water at the surface may suggest the presence of fewer liquid patches with greater contrast. In both X-ray experiments the majority of the total cumulative salt precipitated 375 above the coarse domain of the heterogeneous surface.
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By quantifying the saturation of the liquid phase in each horizontal 2D slice of the X-ray CT 377 scans, we could determine the evolution of the average water content at the coarse surface as 378 influenced by textural contrast. Figure 6 (b) shows that, for the same mass loss from the 379 coarse domain, the surface water content was consistently lower for the column with the 380 greater textural contrast. This result confirms the analysis presented in Figure 5 , and supports 
